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EXeCUTLIVE SUMMNAKY

This study i1dentitled torecésting_metnous as wissiny from
tne haehademelt $K11lis 0Of academic labrarians. Smootn;ng
torecasting methods were proposed as potential remediles.
Forecastany FesealLChurs have characterized theseé tecnnlgues as

€aSy tu uUSe aha ds lalrly accuarate for the time and eftort

invested 1n thelr calculation. “Yhey seem to be good candidate

torecasting tecnLlgues tor acaaemic labrarians to try. &

torecasting CcoOmpetltion was used to determine the most etficient

smootninGg rorecasting methods tor academic libraries. Tne

-, Safiple uadta Wele Llve yeals ¢f wmonthly circulation totals from
i1ty aCadedlC 11DlalleS. Plots ot each library's data ‘snowed

‘that tne vast majority ot libraries have heavily ‘seasonal data.

Ihe results snowed that smootning forecasting metnods work
very poorly ) monthly labrary data and we recommend that
liprarians not use tnem on montnly library data. The reason tor

the poor peritormance ot smoothing methods is the seasonélity

present 1u montnly iabratry circulation totails. It a liprarian

does wi1sh, however, to ewploy swoothiny forecasting methods then

we urge nim to use Winters' Linear and Seasonal Exponential
Smoothiny which nas u speciftic seasonal. component.
fluch yreater SucCCess was achieved by using swpoothang

torecastihy methods witn yearly-iayged date. AL example o
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lagyany data one yedr 1is uslhy the circulation totals orf past
Januarys to predict tne total of a future January. It appears

that tor mehy lipraries taking a yearly-lagyged approach

S compie¢tely de-SedSohaullzeS monthly circulation data. For some

lipraries only a trena»componént_ls lett in the data.

we CeCommended that for those libraries with little or n;
trgna in thear yearly—lagged_data, the One=Month Single nov1n§
aVeLuye De used 101 foreCasting tuture montnly circulailon
totais. This wmethod was ithe wost efficient smoothiny method an -
M1Nimizlng DOTR the wean percentage error and standard deviation
of forecastiny errois. For trending yearly-lagge& gqata, we
Fecummended that aca@emic librarians use Brown's Ohe-ﬁardméter
Llneurnhxpunentlal method (with alpha set at 0.5) for
rorecastinyg tuture nmoluthly c1rculation totals. Thas method can
adjust its torecasts when a trend.is present.: li ranked second
1n wlnimlzinyg both the medl perceﬁtagé torecasting error and

sStandaru deviation ot rorecasting errors.



ACRNUWLEDGEMEN)

Many‘people have contributed to the success of tnis
eéndeaveor. lne largestngroup:oi unnamed < rd unheralidea
SUppPpoLtels ale the 11brarians who. took taime trom thelr busy
SChedules tO meet our demands for data about their librariesq
TnosSe PeOplie havVe OUL MANY tHahks.

Tqé.Couucil on. Liprary Kesources provided our financial
Supporw and tnus 1L & Vely real way made tnils study possible.
both Dele Lehtz, Libtarian ot the University ot lowd, and Carl
"UrLgrel, Llrector ot the Scucol of Library and. Intormation
SClenCe, provided us wlin shpport and encourdgcmeﬁt.

I'ils LepeCt could not have Deen written without the duaily
efforts ot Judy putcher who spent iong hours betore a computer
terniual .

Finally'our gratliuue goes to our ftawmilies whq generously
foryave our enthusiass IO0r Llibrary statistics tnrouyh these many

months.

Q e o - . 5
ERIC - ,

Aruitoxt provided by Eic:



TABLE OF COUNTENTS

LIST OF SALLESaeccaccacaneacensaseaccanassasccanecancasnaaaaal
INTRUDUCELUN e ceceeoescacnceascaeenaccascsasncasncecnnassacsanel
Background on forecasning.........................;.......3
Kelated rorecCastingy Stuqles..;...............;............7
DATA coLLL¢T10N.....;,..,................,.....,............8
SHOOLHING FURECASELNG SELHODOLUGY e an o aenecnnennnenneanasd
Singae ﬂov1n§ AVenges..........;.....;..............u.uu11
LiNECar MOVLNY AVELAYES.eeecececccccvoracnsoecancecacncneeneld
Sinyie EXxpoueitlal Smootningf............................17
prown's une—-raldmetel Lineal Eiponehtlal SwoothinG.eaceaaalb
Browu's yuauratlc-LXponentlai SECOthlNYeeecaccoscsncesnseeall
Hoit's Two-rarameter Linear Exponential SwoothlNgeecaceeea’ld3
Aaaptive-ﬁesppnbe—ﬁate Singie Exponen£1al Smoothlngeeceaaasdd
Winters® Linhear alhd Seasonal Exponential Smoothingae.e....Z26
s Lypilcal Trend bgu&tlon.;........f..................;...27'
DISCUSSIUN UF niSULfSceaceoceccccracsoncacaansascascaasanceceadd
CONCLUSIUN e eeeeococanscaacsasccnascacacancanacascacacanaaasaltd
BIBLIOGRAFPHY s eeeaecccccniroacecseccccacscsacscascnnannacesasalb
uluukﬂyulhs...;,.........................;....;............Su
Appendax 1: The Lettur.ox INYUllY ceeecoaccccccasusnccnncncnadld
Appendix z: hcouclblllty 0ol Smoothiny rorecasting Methods..bd

Appendix 3: Circulation Plots OI F1Ity LiDralleS.eececeeseee99

v 6



i1,

Ill.

iv.,

L1STt OF TABLES

results o Usaing tMonthly Dat@eescesesceccnssadd
winters' fethod on Monthly Datd.eceeeeceneseedt
Kesults ot USlIlg YEdIlY‘Ldggeﬂ Data..........:$9

Comparasch of Yearly-lLadgdged Data Metnods....tl



INTYROVUCTIUN

TheCfe has Deeld d LenalsSsanCe Of interest an quantitétlve
loreCastinyg 1nL sclence, mahagement, and €CconomicCs with ouly
lruwiteu trausler 61 Lthese new idrecasting techniyues to the
manayebent or academac libraries. Forecasting 1s sucn a
weli-devVelopeu tool ot business that advice has been oifefed to
mahayeIs apout wnlcn torecesting tecﬂnique to choose [ Chambers,
Mulliick, & Smith, 1¥v71). unfortunately, acaaeanic 1lbrar1ans
don't cnjoy culvdient sage advice about wnich 10recast1ng
method to usc. This study pLOpOSed to fill this gap in the
xnowledge Dase OL aucadewlce iibrarians’ Dy applyaing 1orecabt1ng
tecnn‘qucs ot the smootnlng varlety [Makrldaxls b Wheelwright,

1978, caapter 3] tu & large sawple Of academlcC lipraries’®
montnly circulations in a iorecasting_accuracy competaition. The
goal o1 this LesearCh study was to tind the smoothang
10reCdsSting metnods that are tne most efricient toreccasters ot
aCademic library circulation data. - i

LiblaIly lltelaTule revVeals little awareness ot 1rorecasting.
Lnsteau, thele die wany statements made about the absence ot
quant1tat1#e toodls 1L lerary.dec151on making. Many authors
lament the curLenflsLdte.di library statistics. They hdve'been
CharaCterl.ed 4§ priwitive by Kogers and weper [ 1971, p.275],

and as Dusywork by iderner [19067, p.47j. burus [ 1974 ] has

O
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CnafaClerlzed the CCilecCtion o01 liprary statistics ds a routine
Operation with uncieal purpose that produceg data thdat are
UTlilzed at 4 véry unsopnlsticCated level. hOwever, Burns
anticipated & better future: "There‘will>ne 4 wore
S0palsticCated use OL Stdtl§thb Lo measure, 1olecast, simulate,
and woded ail phases ot library operations esﬁec1ally those of

circulataon"™ (1977, p.?].
BAUKGRUUND ON FURECASTING

ndmbung L w978, yldd] stated that "in 1llbrary planninyg’ and
declsion-wdeK1lny predictions aCfe invariably regquired". iHis boid
statement has not wotivated wuch theoreticai work or practical
application oO1r turecasting methodoiogies to liprary statistics.
LVell ab the eCONOMAC environment ot libraries has worsened,
library wapayers have not turnea to techniques such'ds
forecasplng that Wou.id serve to rine tune a liprary's
4CL’ .ties. "ln particuldr, as resources dwindle libraries want
t0 wvredict the benaVlors Ol thelr users and potential users so

that they may both plan and promote their activities"™ [vervin,

1977 ).
\ _ ' ,
I'he use O Llolecasting 1n i1lbrary adminastration practice
15 1h Snhalp ContidasSt to tue accCeptahlce ot forecasting in other

disciplines. rforecastiny, Or trend analysis, 1s considered as

UL o] o ?
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all luteylal part o1 scicntltic mahagement and Cational decision
maKkinyg. NakCldaxls and Wheelwriynt describe ftorecasting as a
100l tndt Peimlts malayement to suicld an organization rrom tne

Vaddrles Of ChdhnCe «vents and pecome more methodical in aealing

Witn 1ts environment-[ 1978, p.bJ. Like pureauciacies

eVel yWlele, dCadewlC 11praries need toois that wili enaance

planniiay and rational dgecasion making. One tool to nelp

accoupllish these mahayerlial tasks is forecastiny.
Forecasting sanoula pe of interest to-linfariaus and

1NI0oLuwiatlion SCleDtlsSts 1ol at ieast two reasons. The tirst

-LedsSon stems lrom tne argumendt about tne desirabilaty ot

mabajerial rationality. Like all ménagers, the llbrdry manager
must ailocCate n1s scarce resohrces prudently, and make "his.
declsions based Oon his predictions of the ettects Oof allocating
varyiny anouuts ol resources to the diftferent tunctions in the
library" [house, 1974 |. Prediction methods can potentially
pecome one of the aailly tools orapne liprary manager..

The secona reason 1s wore theoreticadld. L;brary—output
Statlstlcs sucn as circudiation data are intrinsicaddy
interesuing varlablés that merait thelr ownh 1nvestigation.
bPrevious worK | BLOOKks, 1981] has demonstrated that
libracry-output STalistlCS nave SUrprising characteristics  that
are unanticipated by the rolxlore about them. Forecasting

studles ofe ODly one methodology tor studyiny liprary-output

i0



O

ERIC

Aruitoxt provided by Eic:

STAtlstiCs. by demonstraﬁing an ability to torecast
library-output statistics, we prove thato we undeISténd some Ot
the UuynamlcCs that are dAriving then.

Lipraty literature 1s not distinguished by Sopnlstlcated
applications ox 1orecabt1ng technlgueb. Many authors [Carpenter
& Vasu, 1ly78; noadiey & Clark, 1972; Simpson, 1975 ) writang

.
apout guantitative oL statlstical methods 1in librarianship
ijnote torecCusting completely. The topic is not treated in

Lancaster s Jhe MeaSurement and bkvaluation ot Library services

and 1n another volume, Investigative Methods in Linréry and

IDTOLmatloh SClence: An_fntroduction, Martyn and Lancaster

Covel only the Delphl technique which 1s’g method tor divininyg a
conschsus oL'oplﬁlon; Conspicuously absent are any 1n1ere;t1al
“t#tl 3T1Cdl 10feCastling teChnlgueb. huthecford Rogers and Dav1d_
Nebel des ctlbed the manayerial use ot llorary statistics as
primitive dn;‘tngn pLOCbeded to prove it by discussing
torecastainy only 1n terms of the descriptive metnod of plotting
trends on charts [ 1971, p.z79]. They neglected to discuss any
intereutial tecnnliygue tnat éould establish the siatlstlcal
51gu1xiCdnCe ot a yraphic trend line. Stueart aéd Eastl;ck

[ 1981], who treatea 1orecastinyg in three paragraphs, also

Cecommended obly graphical methods. .

Q

IR}
There are, hewever, two other library. torecasting studies

Of sSpeclal note. firiam Drake [ 19Y76] considered linear

- 11
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Leyressiol das d predictive technpigue.- She concliuaed that
Straight trend lines are not the most efficient predictors in
all liprary situations. ~Tné Teason 1s that 'liprary data,
€speCrally circularion aata, sﬁow monthly or sea;onal
tluctuations. Cyclicity wmay be one ot thne reaSons thaf
lorecastiny techulyues nave nad a retarded application to
liprary statistics. citllcity of monthly librdary totais
Certainly played a large part in this study. 4Yhe reader 1s
invited to peruse the many monthliy circulation plots given an
Appendix 3. Most of these data are strongly cyclical in.fhat

patterns that appedl 1n Ole yeal are often repeated in other

‘years.

The most Sophisticated forecastinyg 'study in iibrary

llterature to vate is py Kang [ 1979 ]. He torecasted the

requests tor ainterlibrary loan services received by the l{ﬁinois'

Research aha heléerCe Centers trom 1971 through 1978 usaing -
SevVeral wethods, 1inciuding methods thét can model cyclical aata,
@and lound reyression to be the best predictive technique. He
used 4 Welghted regresslon-formulalthap gave less pfed1Ctife
Vdiue tO odder observations, and yreater weight to thé nost

recent ones. Hils study is flawed py the tact that only one set

OI datu was used; henCe, the deneralizapility of Kang study is

seveledy limited.

12
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KELATED FORBCASTING STUDIES

There aré 4 nuimber of related stuaies that have atteapted
L0 predict 01rculatibn with causal técnn;ques. Hodowanec [ 1980 }.
Uused multiple reyression analysais wlth twenty 1independent
delabies to predict circuiation patterns oi graduate students, .
undergraduate stuaents, and iaculty. McGrath [ 1976-1977 |
1solated twelve indepenaent variables in a multiple regression
analysis to predict circulation of monographs by acadewmic
subjects. 2welzig [ 1973] used tne related appraécn of multiple
disCliminant asalysis to i1solate tactors that deteruine public
Library use. “

Another approach to preaictang future library use is
modeliny sStandard statlstica; aistriputions on a sample or
library circulations. [For exaample, Lazorick [ 1970} found the
demana for books 1n a collection to tollow a negative pinomial

distripbution. Nozak [ 1974 | used a Markov process to model pbook

demand, anu burcreli [ 198U } otfered a model to show likely

patterns oif future use ot individual boox titles. Morse and"
Cher [ 1975]) showed now pias can be controlled in predicting the
total yearly circulation of each class of pooks 1n a liaprary,
and Slote [ 1970 ] stuuled the past use of individual books as a
pfedlctor O0f tneir tuture use. Other i1nvestigators have used

randon samples to predict the total number of patrons entering a

13



~labrary [Jonues, 1973 7.
It 1s clear trom thls examination of related library
Literature tnat no study nas ever used smoothinug toreéasting
¥ : p

metnods ONn . acadewicC 1libdrary circulations.
DATA COLLECTION
|

Beyiuuing in vecember 1982 and continuing an January 1983,

fifty academic itibraries from the American Library Directory .

were cunosen rahdomly frowm tne midwest states of Iliinois, Iowa,
Micnigan, rinnesota, Missoura, énd Ohio. A copy ot the letter
sent tu eacn liaiprary 1is y4aven an Appeudlx 1.

The data requested wefeltotal monthly carculation counts
for a tive~year pérlod, 1.e.; ol consecutive montuly circulation
totals. The alm was to coliect a set qf time-series data trom
edcﬁ liprary. Usavle data were received from two liibraries in
Iowé, six libraries an 1li1n01s, eight libraries an Micaigan,
one liurarj in Minnesota, nlne libraries in.missourl, and
twenty-toutr i11praries in vhio.

fhese data wele loaded 1n a computer‘ana a plot was drawn
for each liprary. Tne montniy circulation plots appearl in

Appendix 3. The CeaaeC 1S 1nvited to consult the plottea data.
It 15 oul observation trom tnesc¢ plots that 1n most instances

academlC 1ibrarles have strongly seasonal patterns in thear

Qo » ' ,.14
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monthly circuiation totals. That 1s, 1t is evident in most of
the plots that certain characteristac patterns repeat .tnemselves

trom yeal to yedr.

SAOULHING FORECASTING BETHOLOLOGY
>Tne study applies the smoothing Lorecasting methods ot
Makridasls and wheelwrigut L1978] to a sample of academic
llDrdI; c1rcu1§tlonlstatlstics. These authors present formulas
tor a numper ot smoothiny methodologaes.

A swoothinyg rorecasting method uSes the intorwation
Suppiied Dy previous data to create a torecast 10; the future.
It 1s assumed 1D these methods that a 51gjai €X1sts 1n the past
aata that may be obscured LY a certain small percentage ot
random €rrors. A smootning torecasting metnod weights certain
past oubservations and averages past fandom érrors in order to
Levedl tne underiying 51gnai in the qata. There are many
wetnods and many ways to utitize the informa£ion of past
observations. It 1s often the case that each method permits
Lany variations in either the selection ot Qelghts Oor in the
time lags used for smoothing. We have capitalized on tnas
tlexibiiaty by syétematically varying welghts and tame Laés.

Because ot tne uignij.seasonal néture‘of montnly Jlibrary

statistics, Wwe employed the tollowing strategj: all the methods

ERIC | - 1s
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- were ruu on tne mdntnly datd, and then tne metuods weLe Iuh on
data laggea one year. These yearly—lagged ddta were developea'
from the 6V ddté points avaitable to us from each iibrary and
consisted. ot data points in posataons 1, 13, 25, 37, and 4Y.
These data polnts were treated as a separate, anda sma;ler, time
series frow each lipiary. -Not every library donated data that
‘Degan witn January, thus trne iagged time series.doh't represent
series tnat Jjump trow January to January tobdanuary, etc. Using
data laggea 1k thls 1ashion de-sedsonalizes a monthly
tilme-series LbeCause it transformg the data from a series ot
months.tnat‘run frow January to December througyhout one year to
a series ol the identilcal wonths across several years. - ‘thus it
aqoesnh't matter, Lor exumple, that July may be a qu1eter month -
than August. Waith yearly-laggedvuata, Julys.are compaled to
each other, as are Auyusts compared to each other, etc.
ﬁFolloglng 1s a lasting of the methods used in tnis study

and the techniyues usea-to initialize each method.

Stylistic note: 1n the tollowiny formulas braces have

beenn used to denote subscrapts. Taus F{t} snould be read as F

subscrapt tc.

16
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A. 3Single lMoving aAverages

Eight variations or sinyle moving averages were used. An
eXposltion O the single wovlnyg average techunlgue is given by

Wneelwriyht and fakriaakis {1975, p.ub].

1. OUne-mMonth Moving Averayge
Fit+1} =4 ity
lnitlullzdtlén:

Py =X )

Note: . Last montn's total 1s used as next mohth's torecast.

4. Two-nfiontn Moviuy Averaye
FL+y= [ X {t)+X {t=1} J/2
Imitialization:s -
Fuss=UX N saily Ve ) | R

Note: The average or the two precedindg months 1s used to

forecast.

3. ‘Tnree-nonth nleng'Aﬁerage 4 | ’
FALH IS X{E) X (T +X {t-2} /3 L.
Initializations |
F{4}=LX{1J;K{ijXleJ/J

‘Note: 1he avVeraye or the tnree preceding months.1s used to

torecast.
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4. rour-nontn Moving Average
| F{t+jj=Lk{t}+x1t—1j+X{t—?}+ﬁtt~311/u
Inltialization:
FASY S[ X {4) +X (o) +X {2} +X {1} /4
Note: ‘The averaye Or tane Irour precediny monins 1s used to

forecast.

5. Oue/le-tdoutn Noving Average

Fi{t+1cy=X{t}

Lnltléliédtion:

F{1JL=Xi1j

NOte: krermittinyg 4 month's total this year to De the
forecast tor the sauwe month Next year rewmoves the etfect of

Seasonality 1l the Jddta.

b. Twos/1Z-Month Hoving Average
F{t+14j=tht;+xii—1zjj/z
lnltlallzatlon;
FleS = X{135+Xx{1y /2
Note: 'The tirst and tharteenth observations are dVeraged

1O Provlue 4 10LeCaST IOIr the twenty-fitth observation.

t. Tnree/le-nonth Moving Average

o ‘. - : ,;18 ‘
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Fi{t+le)=[ X {t)+x {t-12}) +X {t-24} [/3

Initialaizataon:

FAST = A {<Op+X {133+X {1} J/3

Note: opserVqt;dns Lrom three prece&.iny years are
averaged to provide 4 torecast tor the tourtn yearlC.
8.ﬁ Four/1lcs-nontn MQvihg Average

F{t+14}=[xtt}+X{£—14)+xtt—z4)+x1t—3b}]/u

lnltialicataiocn:

Fiuvj=[x137;+x145;+X{1;}+X{1)]/4

Note: Opservations trom tour precee&ing years are averaged

to provide a torecast tor the tifth year

b. Llnear Movling AveIlades

Four variations o1 the linear movang averaye method were
used. Al ¢Xposition Or the 1inedr moving average technique 1s
given py Wneelwraight anda Makridakis [ 1978, p.b55])

1. Two-fontn Linear Moving Average-lay Une Month
Fit+1f=a{tj+p{tym |
where m = 1 and:
D{ty=s(S* Lty -5" {ty)
af{t}=28'{t}-S"{r}

SM{Ty =[S {Ty+st {t=1y J/2

19



14

Sttty X{t)+X llt"") Ve

lnitializdation:

Sticy=l X {e}rX {1} J/2

SH{3)={ X {3} +X {2} J/2

SU{SE =[S (3p+50 2) Y2

a{3)=25%{3) 5" {3}

b{3)=c (5" {3)-5"{34)

Fid}=a {3} +b {3}

Note: 1n tuls metnod two observations are averaged or
smoothed. Thls avelrade ltself is then averégéd with a
Previously Calculateu average to create a Gouble-smootnea

eftect.

Z . Tnxce—houtn Linear f1ovinyg Average-Lay One nonth
Fit+1)=ait) +b {1} |
»wnére:
bit)=(s5*{tj-s"{r})
a{t)= 25 {ty=5"
SU{t =[S Ty +St {r-Ny St {t-2j J/3
SPivy=(X{t}+X{t-1p+x {t-2) )/3
Ilnitiadaczation:
SUY{a=[ X {3 +L 1<} +X{1) y3
St{ty=[X{u)+X {35 +X {2} i3

STy (a0 +x (U)X {3} V3
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SM{D) =[S OIS {Uy+S5° {3} }/3

a{o)=48t{5}-s" {5}

D{5)=5" {5) ~-5" {5}

Flb}=a{5} +b{5}

Note: 1This metnéd empJ.oyé double smootning. Three sets of
tiurew cbnsecutlve montns are averaged, and the resulting :three

avVelayes alc aVeladed to create a double-smoothed efiect.

3. Four-ionth Lineal Moviny Average—Llay One Montn
P+l =afr}+o{t}
Ditj=c/3 (5" {1} -5"{1})
af{tj=~4st{t}-=5"{}
s"itp=[s? it} +5Y{t-1} +5" {1 -2} +S* {t-3} j/u
S*{ty={ X 4Ty +X {t-1 j=X {T-g) +X {t-3} 14
Inltlailzation: |
ST{up= X {4} +X {ijx {23 +X {1} j/4
55) =[ X158 +X 4} +X {3} 412} Lu
S*{of=[ A {0} +X {DF+X (4} +X {3} Vb
S*{71=(X {7 +X {0} +X {5} *5( {4} j/u
5;'{_'11 =t SU{7}+5% {oj+5v{5}+5t {4} j/4
a7} =25 (-5 7) |
D{7)=2/3(3" {1}-5"{1})
Fi8)=a(l)}+b{7})

Note: Thilis method smooths the tour preceeding monthly

21
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ObSeIVat1lons to Credte tour averages. These tour averagyes are

averagyed tneaselves.

4. dwo-Monti Linear Moving Average—Lag Twelve Months

r"{tnq =a {ty+0{t} N

bm=z(s-'m -s"{ty)

af{t)=est {ty-5"{}

SU{t)=[S'{ti+st {t-12) Y2

SPi{ty=[ X {t-lgy J/2

Initialization:

5113} S K 134X 1) 12

S*{adp=[ X {25} +X {13) /2

S"yzhy =(s' {22} +S YV {13} /2

Afzdy =L {255 =S L5} ..

D {cb) =27 (5% {£5) -8 {25})

Fi{37})=a 1.’/_.33 +D {5}

Note: by using obse:vations that are one year apart,
Seasoliailltly 1s ellmllhated. This metnod is i1demntical to the
Two-fionth Llpnear Moving Average above except that the uata used

-

1n tals wetnod are layged one yeal.

_2



C. Siaingle Exponential Smoothing

Bignteen variations ot the single exponential swoothing
tecnnique wefe tried. ‘the fairst ning'variatious-are pased on
shlitlng the aipha welyht trom 0.1 to 0.Y by'0.1., I'he second
nlue vdarlationhs 1ncorporated tﬁe shitting alpha welgnt and

- employ datd that are layged one yealt.
1. sSingle Exponhential Smootning (the 1irst nine variations)

Fieriy=F{t} +adpna {£{t} -F iy .)
wnere alpna steps by U.1 from 0.1 to U.Y.

Initaialazation?

Fi2p=x{1}

r{3}=xgl}+alpha (X {Zj“ -X{1})

note: Tne ulxterenée between the last torecast and
ODSEIrVatl1on aCfe ylved difterent weights 1n‘ueterm1n1ng the next
liorecast. Tue Jap Detween torecast and observ&£1on contraputes
the least.wnen dlpha 13 U.1 and makes a larye éon;xlbupion when

alpuna 1s U.y.
2. 5ingie uxponuutidl Swoothiny "(the second nine variations)
F{t+1c}=FP{ty+alpha (X{t}-F{t})

wnere alpha steps by 0.1 from V.1 to 0.9




18

Initialization:
F{1a) =X {1
P {0} =x{ ralpna (X {13} =X {1})

NOote: ine data are lagyged one year to minimize the ettects

0if sSeasondiity.

- -

A . .
Elgﬁtcjlf;:ildtloub ot Brown's.Une-Parameter Linear

U brown's JLe-Palameter Linear kxpohential Smootning

Exponential Simoothiny were tried. The tirst nine variations are
- based on shirting tne alpha welgnt trom 0.1 to U.Y py U.1. The
SeCoOnd Nlne vVarlatlons 1ncCOorpoldted the shitting weight and

employed deta thdat are lagygyed one year.

1. brown's une-Parameter Linear Exponential Smoothing

(Lhe 11ISt Llle Vdriatlons)

Fit+Yy=a{t}+o{tja
where m = 1
Lity={alpua/ (1=-alpna) J (S*{t}-5" {1})
wnefe ailpha steps by 0.1 from 0.1 to U.Y
afty=aSt{t}-s"t}
s"{t);a1pn; S {t}+ (1-alpna)S"{t-1;

S*{tj=alpha X{tj+ (1-alpha)s'{t-1}

Q -._ , . 234_
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Initiadlization:

s'{u,:xu} ‘ ) ‘

s" {'v‘.} =X {1

S'%é}=;Lpna X {3+ (1-alpha) X {1)

S?{2j=d1pna S'{4j+(i-dlpua)X{1j

a'{2} =25 " (<} —Sﬂ{Z}

b {<} =alpha/ (1-alpha) (S* {2} -S"{<})

f {33 =a{l)+b {2}

Note: brown's'Une—ParameterﬁLinear Exponedtlal Smoothing
metp@u 15 4 Cowposite 0 the Linear Moving Average meihod and
the Llnygle EXxponentlial Smoothinyg method. AS 1s tgde Wwith tne
exponentiai swoothiny methods, heavier welghts will make this
metnoa respoud aore yulckly to rapidiy itluctuatiny seasonal
aata. |

/

. ]
2. LIOWD's Une-Palawmeter Llnear hxponential Swmoothany

(the secona nihe variatons)

F{t+1¢)=a1tjfﬁﬂt}m

.

wﬁere il j:
. ~
bitp={alpna/(T—-alpha) J(S* {t}-S"{t})
whete alphae steps by U.1 trow U.1 to v.Y

a{tp=45'{t}-s5"{uy

S'{t}=alpna S*{t}+(1-alpha)S*{t-12}

ERIC | SR
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S"ity=alpna X{tj+(l-aipna)S* {t-1¢}

Inltlallzdtlon;_'

S =Xy

S"{1 =Xy

SY{134=alpna X{13}+(1-alpha) X {1}

$"™{13) =alpha S'{13}+(1-alphé)X{1}

a {13} =25 {13} -5" {14

b {13)={ alpha/(1-alpha) ] (S* {13} -S" {13})

F {25} =a {13} +D {13}

Note: LVery twellth obserQation 1s used tO minimize thé

ertect or seasonality. . ’

B. brown's guadratic kxpopential Smoothing

Eighteen variations ot Brown's Quadratic Exponential
ISmootHlng were tested. 7The rirst nine variatiops are pased on
shifting the alpha welght trom V.1 to U.Y by 0O.1. The second
nine variations 1ncorporated the snitting weight and employed

' L}
data that dre laygyed one year.

1. Lrown's Quadratic bxpomential Smoothing

(the fi1rst nine variations)
Fit+ly=a{tj+o{tjm + 1/2 c{t} (m squared)

where m = 1
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ci{ty=[alpha syuared/ (l1-alphd)squared j
(S* Lty -2 (L) +50 11 (t))
where ulpna steéped by 0.7 from 0.1 to 0.9
b{t)=[{ai1pha/z (1-alpna)'squaredj
[ (o=balpna) ' {ty~(1U-Balpha)S"{t}+
(d4=3alpha)st' {1t} ]
a{ty=35" (L) 35" {t)es 0 (vy
S**Y ity =aipha 5"{t}+(1-alpna)s"'it-1)
S"{t}=ailpha S*{t}+(I-alpha)S"{t-1)
S*'{t}=alpha X {t}+ (¥-alpna)sS* {t-1}
InlglallzdtIOH:
SY{1y=X{1
S{1}=X {1}
S*YY =Xy
S%{cj=alpha X{<}+(1-alpha) X {1}
Sw{z}=alpna S {z}+ (1—a1pna)_'x‘:{,n )
Sy {s}=aipua S"{zj+(1-alpha) X {1}
a{41=45'141-35"14}+3"{21‘
b{Z}=La¢pna/z(l—aléﬁa)squared]
[(brbaipna)S'{4j—(10—8alpna)s"{2}+
' (4-3alpha) S {2} |
C{<j=(alpna squared/ (1-alpha)squared ]
(S* {2} —2S" {2} +50 0 v q2))

Pi3}=a{}+D{2}+1/2 ciz}
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Note: brown'§ yuadratic method, which 1s an extension of
linear exponential smoothing, iLocuses on trends that are more
compieX than lineal trends. Traple exponential swoothiny is
used. AS ¥Wlth previous Welyhting méthods, heavier welghts allow

this method to track rapidly fluctuating data.

Z. browWwn'®s Yuadiatac Expduent;al Smoothing

(the second nine variations)

Fit+ls)=a{tym + b{t}+1/2c {t} (m squared)
where m = 1
é{tj=(alpua squared/ (1-alpha) squared ]
(3P {t)—25"{r}+50 0t {1})
u1tjé[alpna/z(Jwalpna)squareﬁ]
[ (o-Salpha) S° {t} - (10-Balpha) S" {t} +
- (4—3Jalpha)S*tt{ty ] |
af{tj=3SY {L}—35"{ty+S* {t}
Sttty =qlpha S"{t}+ (1-alpha)S®*® {t-12}
s"{tj=alpha S'{Lj*(i-aipha)S“{t-TZ}
S'{t}salpna x{tj+(i-alpha)s;{t—i21
Initialization:
Se{1 =X {1y
SW{ly=X{1}

SV =X {1
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S*{1334=asrpha X{¥3§+(1-aipha) X {1}
S"{ 133 =alpha 5* {135+ (1-alpha) X {1}
StY Yy {3y =alpha S {13+ (l-alpha) X{1}
a {135 =352 113} —35" {135 +5° * {13)
u1131=[alpna/z(1—alpna)squared]
[ (b=balpha)sS* {13}y-(10-Balpha)s® {13} +
( -Jalpha)s"'11djj
c {13} =[alpha squareda/(1-alpha)syguared ]
(5% {13} =25 {135+5** {13})
F {25} =a{i3j+b{133+1/2c {13} | -
Note: »rvery twediftn observationAwas usea to minlmize the

effects of seasonaiity.

Fo. HOlt's Two-rarameter Linear Exponentiali Smoothing

Eighteen variations or this method were tried. fThe first
Blne Valrled alpha and Jamma by 0.4 trom V.1 to VU.Y. The two
parameters took the values 0.1, 0.5, and U.9 consecutiveiy
‘resultinyg 1n nlne compihations. ' ‘The second hine variations

repeated thls approach with data lagyed one year.

1. Holit's Two—-Parameter Linear Exponential Smoothing

(the first nine variations)

29
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Fitel)=s (1) +b it}
wnere w = 13
b{t}=gammwa (S{tj-S{t-1Y)+ (1-gamma) b{t-1}
S{tf=alpna X{ty+(V-alpha) (S{t=1}+ b {t-1}
Initialization:
S{1=xi1}
PAV=L (X {2} =X {1}) + (X {4} -X (3}) V2
S5{2)=aipha L{z}+(1-alpha) ‘
ZK{T]+((X{Z};X{1})+(X{“}'X{J}))/Z] '
b {2} =danwar (Sicj-X{1})+
(1-gawma) [ ((X{2) X {1 )+ (X {4} ~%{3})) /2]
F{33=5{2)+p {2}
Note: 1noltls métnoq 1s dlttereni from preceeding pethods
'bécause 0i the necessity ot spec1fy1pg‘twé parametérs: aipha

alld damlide.

2. Holt's Two-Paraweter Llnedr Exponential Smoothing'.

(the second nine variations)

F{t+123=S{tj+p{t}m

where mn = 1
bitj=gamma (S{tj-sS{t-12})+ (1-gamma) b {t-12}
S{t}=alpna X{tj+(1—dlpga)a(5{t—12} + n}x—12}

inatialization:
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S {1} =X {1} 3
b{1j={ U‘:{Lﬂ "X:UJ )+ (X {37} =X {25}) V2
S5{13}=atpha X{13}+ _
(1—alpha) [ X413+ ( (X{135 =X {1}) + (X {37} =X 125} ) ) /2 ]
L {13) =gamma (S{13} =X {1} )+
(-yamaa) [ (X135 =X 1))+ (XL3T) =X {25))) /2]
F 25y =5 {13)+0 {13
Note: Ynhe etfects of seasonality are controlied by using

data laygygea one year.

G. Adaprive-nesSponse—hate_Single Exponential Smootharg

t

Nine variations of this metnod were tried. Beta was varied

M\i'

‘rrom 0.1 to U.Y by U.1. . "'\T;
F’tt*1j=alpna {tj Xx{t} } (1—adipha {t}) F{t}
wuere alpna {tj = [E£{t}/M{t} |
Ef{t} = pbeta e{t} + (1-beta)lk {t-1}
Mi{tj=betale{tj| + (1-beta)M{t-1j

eft} = X{t} - F {yj

lniilallzatlon:
F{2j=x{13
e {2y =X {2} —K (1)

Wi{2f=veta|K{2}~X{1}|

31
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L{c)=beta(X{<;—-X{1})

aipha {<}=beta

Fi3j=beta x{<} + (1-beta)X (1)

€3y = x{d}—f"{jj

M{J;=bet$|X133—F{Jj|

E{Jj=oe£a(x{3)—F{Jj)

alpha {3j=peta

F{u4j=petax {3} + (1—Deta)3{3}

Note:b Thas wethod requires only the spec1tlcatioq of the
beta value. Thls method 1s adaptive in the sense that the alpha
Vaiue will cnange‘when’therz is a change 1in the basic pattern of

the ddatd.

He kinters'® Linear and Seasonal Exponential Swoothing

Winters® wethod Works on the development of three
equations. i©ach eyuation tocuses on one aspect ot a pattern in

time-serles data: the stationary level, the trend, and the

Sedsonality ot tne data. The values ot the parameters were

sysmetricaiiy varieda trom 0.7 to 0.7 by O.1. That is, the
parameters were assiyned the same value so that, tor example,
alpna = dawna = betd = 0.1. Later, other variations were tried

ln an €1iort to achieve lower errors. Table I1 shows the
~ i \
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Specliication of the parameters used.

Fittmp=(s{ty + D{t}M) I {t-L+m}
where L, the iag, is one”year
FAL+l = (S{Yy + pit}) Lit-1Z)
S{t}=(aipha(X{tp/L{r-L})) =+ ((1‘aana)(S{t'1};0{t“1}))
D{ty:gamma(bltj-S{t-1j) +‘(1-gamma)D{L-1} '

I{t}=(bcta(x{t}/S{t})) + (I-beta)I{t-L}

Initialization:
. 5 {13] =:X{'|Jj
DI3) =0 (x {13 =x {1}) + (x{36}=x{<}) + (x{T5)-x{3}) I/30
1{13=Xx {1} /X% |
L{izy=x{12} /4
where X=sum Xx{1 to‘13}/?3

E'qu‘:'(xil‘ls} + {13}) 1 {2}

. I. A_Tlypical Trend bkguation
The'rolloﬁlng'metnod was used as a geueral purpose
cejuation 1or trend.

FAL+Y = 2X{t)-X {t=1j

33
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kOTte:  YThils 1s net a smoo*hing equation described by
Maxridakls and Wneclwrigat put 1S based on Our opservation ot’
tne Leducibility ot smootning methods into several generlc
egquatiohs. See Appendlx 2 for an. exposition ot the reducipiliaty

Ot swmoothiny torecastinyg methods.

RESULTS

Tne results of tuls study <¢re presented in Table I throuyn
tablie 1v.

Analysis ot lables 1, II, and 11l

The tirst three taples are headed by columns ror 1. average
percentage ¢rror, <. standard deviation (SD), 3. coetticient of
variation (CV), and 4. a minimzation of the mean and standard
dev1at16u, nereatter called average forys number (AFN).

lhe’average percentage error is the percent error in
torecasting arter the 1naicated number ot runs averaged tor all
50 liobraries. 1n other words, all the libraries are treated as
1t they wele I1Ity }arlatlons ot one libfary and tne fdrecasting
results were averayed tor ali tafty libraries. .A meésuse-of
variebialaty ror this mean 1s tne.standard deviation (SD) . +The
coetficient ot variation (CV) is the ratio.ot standard.dev1ation

to the meal. The CV provides a way of comparing the .

- 34
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characteristics ot the uirterent methods. The average torys’
npumper (ArN) 1S ah attempt to provide 1n one nuﬁber an index of
the si2e¢ oI poth the mean error and standard deviataon. A good
1orécasting method wouid minimize both ot these. The
Pytnagoredn theofew provides a method for doing this. . The
Pytnayorean theorem states that the squaré on tue nypotenuée ot
a right triangle equals the sum of the Squares on the other
sides. The appilCatlion or tnis tneorem to create tne AFN 1is
based on our foiiowiny observation. If theIQVerége percent
eéror werlv Yyraphed on one axis and the corresponding standard
deviation were graphea on the other axis, each torecasting
method couid be representet DY a plotted point.  The sinyle best
wethod would Qe Ceplesented by'tnat §01ht closest ﬁo the origln
61 the axes. ‘“The dlstance apy’point_is from the origin 61 the
axes 1s the dength oi thg hypothenuse on the graph created by
the ulstances trom the origlh ot the mean and standard
dev1a£10n. The AFN permlts tne trorecasting metnods to ve
comparea. The most eificient forecastinyg methbd wouid minimize
botn 1tS- aveldye pegcentage error and its standard deviation and
thus have the smallest AFN.

| Table I presents tae results ot runhing the smoothing
forecasting methods on the monthly data”provided by the tafty
lipraries. ‘rhe results are reported axteg the forty-seventh run

through the data so as to faciiitate comparison among the

mic - /o

Aruitoxt provided by Eic:



‘retnods (+e2e, AlDtels® method absorved 13 data poant- for
initialization).

SeVeral bhetnods are distinguished in this ygroup with low
AFN's.  they are:’ une-fonth rHoving Averagde, all or the Single
bxponentiai Smoothiny Hethods, and.the Adaptaive-ikesponse—Rate -
51nglelﬁxponent;a1 Sméothlng (beta = 0.99) . As a group the
averagye AN ror the iore;ast1n§ methods %s 4b.49. 1t would
appear tnat.simpler torecasting methods have the greater sucéess
with montnly'daté. A real assessmeni, however, must Dé made

agyalhst methods that can handie the seasonality of iibrary data

e

such aé winters® method.

Table II presents thé rcsults oi running Wwinters? ﬁetnod on
the montnly.uaka supplied by the 5U libraries. The abegagé AFN
for winters' metnod 1s 13.33 which 1S much smailer than tpé
average€ AFN 10r the SmoOthlny rorecastinyg methods o; monthiy
data. In Ia#t, toe diriference 1n mean AFN as statiétically
significant \L = ¢4.17, p = 0.0000). 1t is clear that winters?

metnod minimizes AFN wiltn mdntn;y data. Winters® metnod takes

Seasonaiity into account‘and theretore outperforms the'other
smoothing methods with monthliy data.

Table 111 presénts the resulits ot running the sm00thing
torecasting methods oun the yearLy—lagged data Lor tne 5V
libraries. “The AFN'S seen very much sm;Ller. The avecage'AFN

tor Table III 1s 10.03. This 1s signiticantly smaiiler thau the
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averaye aFN tor Tawie I (¢t = 27.16, p = 0.0000) ahd also
519gnl1ricCantly Shallel thanl the average APN tor Table I1 (t =
3.30, p = Uu.VU3bL).

it 1S Cdeal that smoothlng forecasting methods pertorm much
bettel on yeariy-iayyed data. ‘The reason 1S thaet the
yearly~laygyed datd  LemOves the Scasonality from the time series.
lThe de-seasonailzed data doesnft-stay at tbe Samme leveld eachn

year but Temalus steady enough tor tne smoothing methods to do a

,Mmuch better tracking job tnan the smoothing methods do on

Strongiy Seasohdl data.

The Two-NMonth Linear Moviny Averadge< has the smallest AFN

,and way Dbe reydarded as the best smoothing torecasting method on.

the aVerage. Lt wust be emphasized that in Tables I ‘to IIl that

the resu;ts are averaged across the 50 iibraries jor each run.
NOo one particuiar iibrary can expect to have or did have‘3.27
AFN. This AFN 1s an averaye for tﬂe tifty libraries.

‘ 1 ‘

It as prematuge to conclude tﬁat,tne Two~Month Linear
Moving Avérage should pe recommended tor éll lipraries. There
15 a need to gvaluate the many fluctuations ot the meaﬂ perceﬁt
error and s;anddrd deviation values that occurred during the
many rorfeCasts wade ror each method. Before we recommend any
ftorecastaing metnod, we Wwant to.investigate the benavior of each
metqoa throughout all 1ts Iofécasts. ~For an appreciation of the |

Variabilaty ot forecasts other calculations are needed that

QB7’
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aCccutimulate torecastiny errors throuyh tne forecasting Cycie tor
edaCh metnhou. Tnls woulc give a bettel picture of the ability of

the wetnods to perroim with aindisiduai libraries.

Analysis ot jable 1V

Table 1V presents a comparison ot tne fofecastlng metnods
With yeaL1y~Laggea aata. New comparison calcuiations have béen
used: 1. the aVeCaye Mean Syuared krror (MSE), Z. ;pe avefage‘
Mean Absclute PeLCentdge ﬁrror (MAPE), 3. the avéfage Mean
Percentade Error (Mrr), 4. tne average Standard Deviation (SD),
and 9. tne Average Forys Number (AFN).

MaKridakis and‘wneeiﬁrignt detine these average€s in the

toliowing way (p.ogB-=89):

Nedan Squalfed LIror (MSL)

The mean sguéreu €rroOr 15 a deasure- OL accuracy computed by
SquUaring the 1ndividual error for each i1tem 1n a data set and
then tinainy tne averaye or meanh value 6t the sum ot oi those
squales. fhe lmeall Squared error giveé gréaier weight to large
€LLOrs tnah tTC sSwall €rrfors pecause the ercers are sﬁuaxed

betore belhy Summed.

tiean Apsolute_ Percentaye Error_ (MAPE)

The mean dbsolute percentage Crror 1s the mean or average

Oorf tne sum or all or the percentage errors for a given data set
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takenl wlithout reyald to siyh. (lhat is, thelr absoiute vaiues
alfe sSubmed abd the averagye computed.) It 1s one measure ot

aCCurlaCy -CommOnly useu 1D Yuahtitative pethods of torecasting.

RN

Mean Pulcedtdqe Lfrqr (MPE)

R

Tne meqﬂ PerfCeltage error 1s.tne average ot aii ot tne
percentaye eLLors 1oL @ given data set. This average aiiows
pPOsS1tlve Qqu hegdatlve peLCentaye €LrOors to cahcel one another.
because o0t thnis, 1t is sometimes ﬁsed as a measure ot bias 1in
the appilcation ot a Iorecasting‘metnod.

Table IV is unigue an glVan inrormation about the
vdariapility 1n toreCasting errors 1or each torecasting method.
Tne three aveTayes delined above were cumulated throughout the
1Cc.uCastiny serles 1or each Library for eacn method and then an
dvVeraye was touna. The average 0t these averayges 4ACIOSS xlfty"
libraries 1is presenteu 1n Table [V. This table consequently
presents averauge errors, standard deviations, and AFN's that a
linraridn may expect to 1ina 11 ne were to use any ot these
methoas to forecast hls own iibrary's éirculatlon data.

An analysils ot Table IV leads to the tollowing tanking ot
S/oothing iorecdastiny smetnods with Yeariy-lagged data:

1) Oune-flonth Singie rovianyg Average

This ranks tiist because it had the smallest AFN, the

- | 39
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Smaliest averaye Mdi, the second smalLeStAmﬂPﬁ, and tne»second
Ssmailest Mrk. 1i we gquantafy thas periormance ana glve a score
0ot one tor neving the smallest mean, a two tor naving“tne second
smaliest mean, etc., then this method "has a comparative rank
SCore or 1 + 1 + 4 + £ = b

2) prown's unhe—-Parametel Linear Exponential Smoothing (alpha =
0.95)

Tnis metnoa ranks second because’ it nad tne second smallest
averadge Sk, the second smallest averagye AFN, and -the third
smaliest average MAPE and tourta smallest MPE. This metnod has
a compalatlve rank sCore of 2 + 2 4+ 3 + 4 = 11,

-3) Singlie Exponential Sméotning (alpha = U.99)

1'hls wethod ranxs thixd becéusé 1t had the smallest averége
MAPE, tne tuard smalle#t average AFN agp MSE, and the sixth
smallest average MPE. Thus this methodanas a comparativé rank
SCOCe Of 1 + 3 + 3 + 0 =”13.:

4) srown's yuadratic trjonential (alpha = 0.3)

This wethod ranks fourth secause 1t had the fourth lgrgést
MSE, MAPE and AFN and the 1ifth largest MPt. Thus its
comparative rank score is 4 + 4 + 4 } 5= 17.

5) Holt's Two-Pa. werer Linear pronéntid; Smooihlng (a‘= ().9,Y §
= U.5)
Tnisz metnod rants gfaftn because it scored’rlttn on average

AFN, NSE, and HaPE. It ranked thard with #MPE. Thus 1its

&) . <!0
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comparative LANDK Score 18 5+ 5 4'5 + 3 = 18.
6) Two-flonth Linear mnoving Average |
Tnis methvd ranks sixth as‘it had tne sgventh laréest“ﬂsz,
MAPE, AFN but the smaliest ﬁBE. Thus its comparatlvé rankx scbfe
is 7+ 7+ 7+ 1= il
7) Adaptive-heSponse—kate Single Exponential Sméotnlng (beta =
0.99) 1 |
This wmethod unks last pecause 1t had the sixth nlghestl
‘Medn SCole$ 1OL s. . the averayes calculated except MPE whiere it
ranked LaSt. Thus 1ts comparative rank scofe 1S b +o+b+ 7=,

25.
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TABLE 1
RESULTS OF USING MONTHLY DATA

Average %
.Error atter

47 kuns SDh . Cv AFN*
Singlie Moving Averages
one-nonth 1o .04 35.02 2.22 39 .00 .
Two-Month 20,08  38.53 1.92 43.45
Thnree-Montan 2277 3b.10 1.59 42.73
Four-Month 25.13 34.98 1.39 43.07
Linear Moviny Averages
Two-t#ionth "11.65 55.18 4.73 56 .40
Ihree-Month - 14 .07 52.46 3.73 54.31
Four-Month - 18.81 46 .05 2.48 50.30
Sinygle kxponential Smoothing ' -
alpna = 0.1 22.97 21.1 1.35 38.07
alpha = v.Z 23.01 31.b3 1.37 39.31
alpna = 0.3 2z .67 32.4" 1.43 - 39.54
alpha = U.u 21.72 33.05 1.52 39.55
alpha = 0.5 20 .02 33.706 1.04 39.56
- alpna = V.o 19.51 34.45 1.77 39.59
alpha = U.7 18 .42 35.02 1.90 39.57
alpha = U.t 17.37 35.45 2.04 39.48
alpha = U.y 1o .38 35.71 2.8 39.29
alpha = U.yy o 15,52 35.83 <31 39.05
Brown's Une-rarametelr Linear Exponential & Jothing
alpha = 0.1 24 .27 33.55 1.34 41.41
dlpha = V.c ’ 22 .64 33.90 1.50 40 .81
alpha = U.3 20 .20 3b.22 1.79 41,47
alpna = C.4 17 .50 39.05 2.23 42.79
alpha = U.5: 15.04 41.05 2.77 4y .28
alpna = U.b 12.87 43.51 3.38 45,37
alpna = u.7 10.93 44.00 4.08 45 .92
alpha = v.8 9.22 45.20 4.91 4o.19
alpha = 0.y - 7.65 45,906 6.01 © 46.5Y
alpha = U.99 b.28 47.02 7.48 47 .44

*An explanation of these abbreviations used in Tables I
through 11I 1s ¢iven in the kesults section. :
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brown's
alpha
alpha
alpna
alpha
alpna
alpha
dlpha
alpna
daipna
dlpha

u

¢ Ua
V.1
Uald
Va3
(VI
.5
Ueb
V.7
Vb
(VI
UaY

L LA { {1 1 T L 1 I { B 1}

Y
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20 .65
1o .13
12 .27
9.7

0.75 .

4 .58
4 .08
v./78
=1.206

TALLE 1 (Con't.)

dratic Exponential bmootnlng

23.61 33.53 .

3b.70

42.09 .

47.13
49.06
52.25
54.01
57.49
b3.8Y
T2 .00

(P
1.78
2.61

3.84

4,92
7.74
11.79
21.44
81.42
,"27.006

Holt's Two-Paraimeter Llnear thOnentlal Smoothing

dipha = U.1 gamma
dipha = V.1 gamma
alpha = V.1 yauua
dalpha = U.5 gamma
alphda = 0.5 gamwma
alpna = U.5 gamna
alpana = V.Y gahma
aipha = U.Y yamma
alpha = V.Y gaama
alpha = V.99 yalilla =

[T | B T

o

cCccCccCccCccccc
.
LU R YU D3V =

T o
[ ]

Adaptlve‘ﬁcsponbe Kate Singie pronentlal ‘Smoothiny

beta = V.1
betd = Ve
beta = V.3
beta = V.4
peta = U.b
beta = 0.6
beta = V.7
peta = 0.t
beta = U.y
beta = U.9Y

Treua kgquation

\29 23 bb 8Y "T. 01
3Z2.74 5.18 1.38°
28 .21 39.21 1.24
27 .00 37.34 1.35
18.11 41.65 2e30
15.41 51.01 3.31
19.34 38.09 1.97
11.82 44 .20 3.74

8.27 47.20 5.71
b .38 47.13 7.39 "
27 .59 342.56 1. 16
25 .35 33.71 1.33
242 .17 34.80 1.57
21.15 30.37 1.72
20.05  37.8Y 1.8y
18.41 38.07 2.0
17.006 38.38" 2.25
10.19 37.88 2.34
15.81 37.% 2.35
15 .84 35.95 2,47
.13 47.18 7.069

43
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TABLE Il
WINTLK®S METHOD ON MONTHLY DATA

Average %
trrors Atter

47 Runs 5D Cv ' AFN
Coefticients = U,1%* b.02 10.30 1.72 ° 11.98
Oe2 0ez? 11.24 1.87%. 12.85
V.3 9.82 1042 1.79 11.94
(VI 1.98 14 .52 7.35 14 .65
Ueb 3.01 12.15 3.306 12.67
U.0 3.76 11.584 ' 3.15 12.42
Vo7 4437 ’ 12.28 2.81 13.04
U.7 Uob D E%x 4.6b 11.58 . . .49 "12.48
UeY -

*Each or the thrfee pardameters took this value
(1.€., alpna = V.1, beta = V.1, ganma = U.1)

**Jlie thlee pardadmetels took.thesebthree vaiues
(e€., albha = U.7, beta ='0.5, gamma = U.5)

44
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TABLE 11I
KESULYLS OFf USING YEAKLY-LAGGED DATA

- Number  AVerage % Sb ooy © AFN

P _ of Ruhs Error atter
| : . Last hun

| Single Moving Averdges \

,\ Une-ponth 4 S5.47 , 7.40 1.35. Y .20
, _ 1wo-Month 3 7.08 b.0Y V.77 9.96
| Three-Houtn ¢ 12.75 7.10 U .50 .59
K Two-month Linear Moving Averaye :

R ‘ Z Z.33 2.29 0.98 3.27
‘ Single bBXxponential Smoothing - '
alpha = 0.1 3 11.20 Y.35 Ueb3 - Tu.b5y
' alphe = U.z 3 1W.6U : 8.8 V.83 13.80
alpha = 0.3 3 1W.01 8.35 V.83 13.04
‘ alpha = 0.4 3 .44 7.88 0.83 12.30
‘\ alpha = 0.5 3 891 7.46 U.b4 11.62
\ alpna = v.o 3 B.4s 7.10 V.84 11.01
alpha = 0.7 3 7.98 b.83 - U.86 10.50 -
-alpha = u.s 3 7.61 b.bU U.87 .10
. alpha = V.Y 3 1e32 .57 0.90 Y.84
v alpha = v.9y 3 1.3 b.o1 ~0.93 9.72
Brown's One—-baraumeter
alpha = 0.1 3 WeoU 8.84 V.83 13.80
alpha = V.« 3 9. 41 7.854 v.83 12.25
alpna = U.3 3 Be27 6.93 . 0.84 10.79
_ alpha = U.4 Y 71.23 b.16 0.85 9.50
alpha = 0.5 3 b.33 Sio2 U8Y b.db
alpna = v.o 3 5.02 5.30 0.95 7.77
alpha = v./ 3 -5.15 S.42 1.05 7.48
alpha = U.b 3 4.90 . 5.86 1.8 7.68
alphna = 0.9 3

5.09 b.0Y 1.31 B.41
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CTABLE 111 (Con'ty.)

C bXxponentiai Smoothing

Brown's QUQdEd\
alpha = 0.1 §\ W.u0 G.34 U.83 - 13.0Z
alpna = 0.2 3, B.23 6.8Y V.84 W0.73
alpha = U.3 . 3 b.bZ 5.69 C.S0 . 8.73
alpha = U.4 3 5.27 4,93 V.94 7.22
" adpha = 0.5 3 4.30 4.76 1.1 .41
alpna = V.o 3 - 3.83 . S5.22 1.36 .47
alpha = V.7 3 - 3.90 0.37 - Y01 750
alpha = V.o 3 4.82 b.37 1.74 Y.6b6
ailpna = 0.9 3 6.51 a 11;45 ‘ 1.76 13.17

Holt's Two-Parmeter Linear pronentldl Smoothlng

a=0.1 g=0.1 3 .50 13.40 - 0.92 19.74
a=0.1 y4=0.5 3 13.906 12.77 V.91 18.92
a=0.1 g=0.y 3 13.43 - 12.15 V.90 18.11
a=0.5 y=vu.1 3 10.3y 9.14 - V.88 13.54
a=l.> g=U.5 3 Be25 . 6.87 U.83 .74
a=0.5 g=vu.y 3 0.30 S04 .79 §.11
asl.4% y=v.1 3 7.90 . 7.30 0.92 10.76
a=0.9 y=0.5 3 5.05 5.61 0.9Y 7.96
a=0.9Y yg=0u.9 3 4.64 5.06 1.22 7.32
a=0.9Y g=U.YY 3 5.u45 _ 7.67 1.41 Y.ul

Trend tquatiou 3 5.60 o 7.99 R Y 9.0

46
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TAELE IV

A

(CUNPARLISUN UF YEARLY-LAGGED DATA METHODS

Number AVelraye Avercye Averaye Averaye Averayge

of kuns nsk MAPE MPE SD AFN=®
Singde Moving Averages
Une=Month 4 1382.061 20.30 5.47 34.7Y9 35.56
Two-moutn 3. 1819.58 22.40 7.88° 40.97 41.99
Three-Month 2 4130 .92 Z7.06 12.75 59.00 . bV .53
Four-Montn 1 5119.51 33.3u 2291 87.25 90.11
Two HMonth Linear Moviny Average :

. 3974.00  29.7 2.33 57.17 57.25

Sinyle EBExponential smoothing »
alpha=0U.1 3 S48d.67 3G.69 - 11.20 61.59 08 .bb
alpha=0.2 3 4435,10 31.02 10.00 61.13 b2.22
alpha=v.3 3 3090.47 28.13 10.01 55.35 56 .43
alpna=v.4 3 £Y25.95 25.87 Yol 50.25 51.33
alpha=U.5 3 2410.51  23.99 8.91 45.84 4o .93
alpna=u.b 3 £039.48  2Z2.48 b.l42 42 .18 43 .20
alpha=u.7 3 V77404 21.40 7.98 39.28 4y .35
alpha=0.8 3 ToU1.5Y  20.35 - 7.61 37.10 38.22
alpna=v.Y 3 1507.04  19.73 7.3z 35.85 36.8Y
alpna=0.yvy 3 148UV.08 19.55 7.13 35.3Y9 36 .43
Brown's One-Parametel Linear Exponential Swoothing
alpna=0.1 3 Y42..40 3087 10.6V 61.0u 062.13
alphu=U.« 3 28Y3.04 25.51 S.41 50.00 51.08
alpha=u.3 3 1994 .00  22.31 bozl 431.84 . 42 .89
alpna=0.4 3 1559.61 - 20.80 Toz3 37.00  37.90°
alpha=u.b 3 1448.90 20U .40 6.33 35.53 30.33
alpna=v.t 3 153d.70  21.15 .62 36.72 37.36
alpna=v.7 3 1734.28 23 .04 . 5.15 39.48 40 .09
alpha=vu.8 3 1993.57 25.54 4.96 42,98 "43.04
alpha=0.Y 3 £3b7.14  27.32 5.09 47.21

48 .00

*These appreviations are explained in the Results section.
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TABLE IV (Con‘'t.)

brown'®s Quadratic bkxponential Smoothiny

elpha=0.1 3 35 3.30 27.81 10.00 - 55014 50.23
.alpna=v.cz 3 2002.27 22.4Y9 B.23 471.94 4z.98.
alpha=0.3 3 153618 2Z1.27 b.bz 30.80 37.02 .
alphu=v.4 3 1725092 23.14 5.27 . 3Y.76 39 .68
alpna=0.5 3 2210.21  Z26.60 4.30 45.00 46 .59
alpha=U.b 3 2747.07  29.55 3.83 51.20 51.57
alpha=0.7 3 334b.01 - 32.4Y 3.90 50.88 57 .41
alpna=v.u 3 44495.76° 35.95 4,82 65.06 ©  65.98
aipna=u.9 3 T4I0.88  4du.7y .51 84 .95 86.08

Holt%s Two-Parmeter Linear Exponential Smoothing L
a=u.1 g=0.1 3 11e35.48 39.79 14.50° 91.44 92.72
a=U.1 g=0.> 3 W0497.98 38.806 13.906 87.80 89.05
a=v.1 y=vu.9Y 3 Y4l4.95 38.07 13.43 BU .24 85.40b
a=0.5 g=vu.1 3 4ubz.94  31.34 10.39 c1.40 62 .48
a=u.5 4y=u.5 3 2735.02 28.57 B.25 50.12 51.05
a=0.5 gzv.9y 3 2248u.04  20.81 b.30 45.75 4o .38
a=0.9 y=0.1 3 233b.40 20.71 7.90 4,72 45.71
a=l.9 g=u.d 3 1994.47 ORY. 5.bb 43.72 42 .40
a=l.Y y=0.9 3 Z434 .80 28.02 4.o4 47.09 48 .23
azv.Y%9 g=0.99 3 24920.97 +3.886 5.45: 52.55 53.50
Adaptive-Rkesponse—Rate Single Exponential Smoothing

peta = V.1 1 45Y4.96  30.90 20.88 | bob.78 b6Y .90
beta = U.z 1 4450.54 3. .su 20.21 b3.04 6b .77
beta = U3 1 4UB8.80 45.01 19.51 ou.8Y b3 .Yl
beta = v.4 1 25y .20 28.54 18.00 57.04 59 .99
.beta = V.5 1 3Tva.05 27.41 17.806 53.48 50.38
peta = U.b 1 2b19.02 2/ .0Y 17.38 . 50.17 - 53.09
beta = 0.7 1 CLEATWGE a2 10.84 47.58  50.47
Deta = V.8 1 23708 .0y 16.3Y 45.91 4g.75
peta = V.Y 1 seiedw 2 Y 16.34  45.07 47 .94
beta = V.99 1 lbLoY8 20 2L 1o.32 7 4y.08 47.57

Tfrena ryuation ,
3 3U51.817  3u.uz S.bU 53.79° 54.79

48
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. CUONCLUSIUN
Thils study has attewptea to assess smoothing Iorecasting
methoas as eLIlCléntfpredictors 0of academic library statistics.
gtter exam;ning_tne.resuLts of this stuhy, we would like to make

tne tollowlng poikts:

1) we don't recomwend tne applicatlon ot Smootnlng iorecasting
methods on monthiy liabrary circuiation totais. The data, as
exnibited 1n the plots or Appendix 3, are simpiy tar too
Scasonal tor smootnlng methods to model them "accurately. Tnis
ConNCluslon 1s 1n 4CcCOrd with other asSessments or theSe methods,
l1.e., Makridakls and WKneelwragnt (1978, p.oY) wno comment on
inanlli;y ot smoothiny aethods to handle seasonai data. As
revealed in Table IIL, a mexndd l1ke Winters® wnich takes
seasoﬁallty into account does a better torecasting job. but we
recofmend nole 01 tnese methods tor mouthly data. However, it a
librasian wele té employ.smoothlng forecasting methoas then we
would wiye nim to use wWwinters' Linear and Seasonal Exponential
smooininy. Thas mgtnod, however, 1s relativély cbmp11c§teu and

ColsuileS a10ot of data 1in 1nitialization.
Z) #& urde the use 01 smoothliny torecasting methods on

Yeariy-iagyea data. AsS nad been shown, Table 111's AFN scores

are signiticantly smaller than either Tables I ana IL AFN's.

43
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But pefore decidiny whicn smootning torecastiny metnod to use
wlth yeariy-tagged adtd, we 1nvestigated the variability of
errors that a librarian mignt expect to fiud with his library's

data. Table IV revealed that the Une-Month Moving Averade and

- Brown's One-pdrametel Linear Exponential Smoothing (alpna = 0.5)

‘WerLe tne twO pest wethods to use on yearly-layyged labrary

cilrcuiation totals.

3) W¢ ulye acadesic liprarians to regard a plot oi monthly
circulation data lagyygyed one year and make the foliowing

decision: 1f thelr udta don't show treud across several years,

then use tne Une-nonth Moving Averadge method for predicting

tuture totals. Lr, on the other hana, thear data do trend up or
dOWD aCross, severad years, then we urge the use éi Brown's
One-Parameter Lineal LEXxponential Smoothing (alpha = U.Y) .

The 1wplications of these Lecommendations are that with
trendiess Or nearly trendless yearlyviagged data, the best
preuicior O a wonth next year 1s the that month'®s total thas
year. wltn t;enulng yearly—-tagged data, the best prediactor is a
method That SHOOLNS several previous yeariy-lagged observations
together as 4 trend aajustment.

VUL Ie¢eilnd 1s thal MOLe Cesedrch needs to be done on the
pre-analysis Stage oL rorecastingy. by examining thelr aata

before torecastiny, academilc librarianls may be able to select

20
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Lhe WOST applopriate 1OoreCastliny wethod. ke believe that

liproved 1orecasts wlil be the result.

91
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Hé 15 fawlilar witn tour proyramming languayes: BASLAC, Fortran,

Pascal, anu Cobol. e 1S u wewber of the American Library
AssoClation, tne ASS0OClalloh 01 American Library. Scnools, the
lowa Liabirary Association, the American Society tor lInformation

5C1lelCe, alld the Iutergnational Institute of Forecasters.
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Johnl . fortys, Jdr.

John fForyy 1s tne Engineerlng Librarian at the University
of Lfowa. He pnas. .1  elved the tollowing deyrees: B.Se- in

AcloSpace ohylneelllly (WesST Virginia University, 1971) and M.S.

i

ln Llbrary Scilence \Jniversity ot North Carolina at Chapel Hill,

1y70) . Me has worned as the Assistant Director ot tne Mary h.
Neir Public Lavrary, wearton, West Virginia; and at the
University Ol lowa as potn tne kngineering Librarian ana tne
Engineeriny/ dathewatlcs Librarian. He 1s tamiliar with three
prodramming lauygdayges: BAsiC, Fortran, ana PL/1 and owns a
mlcf0computer. He 18 é mewbel O the American Library
As:OC1aflou and tht assoCclatiou ot Coliege and kesearcn

-

Libraries.
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AprPENDLX 1
Tne Letter ot Inqguary

Inléeptemner we D;gan a résearch project whose aim is to
tind tne wWOSt etrective method or predicting future circula;ion
levels ot academ;c iibraries based on past circulatlon.data. We
are wrlting to you“qs ffart of our collection pnase; we ére
looxing ror academlc lapraries that would have approximately
five years® wortn of montnly carculation counts available tor
analysas in our study.

‘Our 1ntent 18 to collect data trom apout 50 academic
libraries in the Midwest. Each iibrary would éontrlbute tive
Yyearst® wortn of monthliy totdl circulation couuts;(l.e., ol

conseCutivVe montnly total circulation counts) . Each tiwme series

tnus collected trom eacn liprary would tnen pe analyzed with an

interactive 1orecastiny soiiware package called SIBYL/RUNNER
tnét 18 wuvVallable 10T researanuse on a Hewlett Packard <000
computer here at the University oi lowa. FProm the 6utput
produced by S1BYL/hRUNNEKR Wwe will be aple to determine ;nlch ot
44 extrapolative time~series methods would be able to model each
liprary's data and wmake the nost eitective forecasts; Our study
of acadewic ilnfary circulation statistlés follows 1n the

traditcion Of othel moOCe yeneral rorecasting studies, €.4y. "The

o8
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Accuracy ot bkxtrLapolation (Time Series) Methods: .kesuits of a

Forecastiny cCompetition® py Spyros Makridaxls)'et al. Journat

ot ForcCQSL}ng, vel, pdyes 111-153, 1Y82. Thas stﬁdy has
plungereu'éxtrapolatlQe tééhniques.in generax;. we pelieve we
will be the tirst to apply them to-academic Llnréry circulation
counts.

Can you send us about tive years' worth ot your total
montunly circulatlon countsés Any chsecutlve sequence ot 6U
months in tne recent past will do. .He know that lapraries
COlieCt Ulllerlhy statl;tlés alid call them ditterent names..
These ulllerences willd not atiecCct our study 10or we aon’t intend
to compare the counts trom library to +1nfary. Instead we want
tO0 study the peCIOrsalliCe Ol the ‘«U forecasting methods on many
dittervnt sets ot circulatlog data. |

Al eXaWPle O the type Of data We are 1o0Kihg tor wouid be
tne albhual snatlstiCal.summary many lipraries compile giving the

total circulation of the maln and any branch libraries for each

.

montn ot the precCeedilly yearL. A photocopy ot sucn an annual

statlstlcal summaly wou.d Sult Our purposes very well.
Tue contraibution-of your lipray's total monthly couunts are
lmpoitant to our study anhd we would like to thank vou now for

eVery ef1o0It you eXxpenld on our behnalf.
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APPENDIX ¢
Tne xeducipillity or Samoothing Forecasting Methods

Swoothiny rorecesting methods form a tamily oi methods
that, whenh coetlilcilents are set to 1, reduce down to two simple
formulas:

The Filrst formula:

Flt+m} = x{t}
and when m = 1
Fit+1) = X{t}
Tnlis 1s eyulvaielt to Sayilny that a]Iuture observation 1in a
time Selles wlil be i1lKke 1ls lmmedlate pre@ecessor.

‘‘he Second Formulas:

Pitemj = X{t] + (A{t} - X{t-1})m

aid when m = 1

Fit+1y = X{t}-+ .(-x TR O SEE S OF & o2 § I E
or )

ZX{ty = X{t-1y

f{t+1}
This 1s eyulvalwent to saying that a tuture observation in a

time Serles wlll be llke 1ts 1lmbedlate predecessor plus the

-~

difrerence observed in tne time series between the last two

observations.

[y

AS 1s 1llustratea pelow, smoothiny torecasting methods

Q ) . — 6()
ERIC

Aruitoxt provided by Eic:
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degelvlate 1Lto elther Of these two tormulas when coefticients

dare set to 1.

Singde_bxponential Swoothing

F{t+1; = aipna X{ty:+ (l-alpha) F{t}
when alpha = 1.

Fit+1) = X {ty

brown's une-ralaetel Lilnesl Exvohential Swoothlng

v

'‘{t} = aipha x{ty + (1-alpna) S*'{t-1}
- Whelh alpha = 1

it} = Xqt)

[&a

S"{t} = alpha S'{tjy + (V-alpha) S"{t-1j

wheh adpna = 1
SWity = SY{t}
Theretrore s"{ty = s*'{t} = Xx{t}
af{ty = 2X{ty - X{t}

af{t} = Xt}
vt} = BV (Kt} -~ X{t})
ity = 0

aicy

F{t+m}
waoell m = 1 and since a{t} = X {tj

SR+ = x {t}
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brown's (uddratilc isXpolentidal smoothing

S'h{tj alphaX{t} + (l-alpha)S®{t-14

sty alpha S'{ty + (1~alpha)5“{t-1j.

S*™{ty = alpha S"™{t}y + (1-aipha)s"{x-1}
when alpha = 1

SU{L} = 3" {t} = SYe{t} = X{t}

ar} = 35'{r} - 35"t} + SM{t}

wnlcn reduCes to

ait} ar}

Bty = [aJ.pxid/z_' {l-alpha) syuarea ]
[ (o= aipha) s*{ty - (10-8 alpnhna) S"t +

(4=3 alpha) S%*3 {1} |

when atpha ~ i
oty = U
C{t}l, = | alpna squared/(1-alpna) squared ]

STt} ety + 5t}
Whelh aipha = 1
TR
Fio+up = X {t}
- when w = 1

Pty =iy
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Holt's Two-Parametel Liheal zxponehtlal Smoothing

S{t} = aiphd A{t} + (V-alpha)(S{t-1} + p{t-1})

when alpha = 1

Sity = x{ry

!

L{ty = gamma (5{ty -S{t-1}) + {1-gamma) b{rt-1j
whelh yatma =

Lty = Stry - s{t-Ty
or

Dt} = X{t} = X{t-1

Fyit+n} S{t} + pDit}i
wnen -1

Fit+1) = Z2X{t} - X{t-1

hAaaptive-hesponse—Kate Slingle kExponential Smoothing

Fqu+if = adpha {ty X{t} + (1-alpha{tj) I {t}

alpha {t+1j = [E{t}/M{t}]|

‘l:“. {ft3 = Deta et} + (1-beta)b{t-1}

nity = beta [e{t}| + (l1-beta)ni{t-1j
ety = X{ty - r{vy |
when beta = 1
Bty = et}
Mity = ety

thererore

adpha {t+1} =1
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rit+1p = X{ty

Winters® Lincar dnd Seasonal rxponential Swmoothing

S{t} = dena.(X{tj/I{F—LL) + (1-alpna) (Sit-1j + b{t—l})
‘Whe alpha = 1

S{t} = X{ty/i{t-Ly

bitj = ygamaa (S{ty - S{t=1}) + (l-gyamwa) b{it-1})
when Jddifia = 1 . |

bit) = S{t} - S{t-1 |

I {t} = bDeta (xAtj/s{t}) + ('1~Deta-)fji{t—L}
wneﬁ beta = 1 |

Licy = x{t}/s{ty

initiadzze S{t} = X{t}
iy = 1 o :
Dt = X{t} = X{t+1

F{t+1j=2xipj = A{t—}
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Appendiax 3

diicutiation Plots ot Fitty Libraries
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